We combine text mining with methods of systems biology for the first time, to predict functional networks for therapeutic mechanisms of Traditional Chinese Medicine in atherosclerosis. The text mining results indicated atherosclerosis highly associated with salvia miltiorrhiza, and six genes associated with both. Protein-protein interaction information for these genes from databases and Literature data was searched and visualized using cytoscape. Four highly-connected regions were detected by IPCA algorithm to infer significant complexes or pathways in this network. The most relevant functions and pathways extracted from these subnetworks by BiNGO tool were related to I-kappaB kinase/NF-kappaB cascade, regulation of cellular process, regulation of biological process, which were consistent with previously published studies. Interestingly, insulin receptor signaling pathway was also implicated by network-based analysis in our study. Therefore, it was suggested that therapeutic mechanisms of salvia miltiorrhiza in atherosclerosis should be involved in increasing sensitivity and/or responsiveness to metabolic actions of insulin.
INTRODUCTION
In recent years, the available data of Traditional Chinese Medicine (TCM) therapy used to treat atherosclerosis continue to accumulate rapidly [1] . Text mining can retrieve knowledge hidden in text and present the distilled knowledge such as possible therapeutic mechanisms [2] . The therapeutic mechanism of drug is in fact a biological network comprising hundreds to thousands of gene expression changed in various affected tissues and effector cells. Systems biology approaches predict biological network, can lead to a deeper understanding of system as a whole [3] . Here, we combine text mining with methods of systems biology for the first time, to predict functional networks for therapeutic mechanisms of TCM in atherosclerosis.
METHODS 2.1. Text Mining
Text mining used TCMGeneDIT [1] , a database system providing association information about TCMs, genes, diseases, TCM effects and TCM ingredients automatically mined from vast amount of biomedical literature. Atherosclerosis as a disease name was selected to retrieve the associations among the disease, TCMs and genes. The t values greater than 95% were taken as significant.
Protein-Protein Interaction Network
Information on human protein-protein interactions was obtained from Databases, including BIND (Biomolecular Interaction Network Database), BioGRID (The General Repository for Interaction Datasets), DIP (Database of Interacting Proteins), HPRD (Human Protein Reference Database), IntAct (Database system and analysis tools for protein interaction data) and MINT (Molecular Interactions Database), and complemented with curated relationships parsed from Literature using Agilent Literature Search. These datasets are mostly based on experimental evidence. We did not include data that were deemed to be of lower quality. The protein-protein interaction network was visualized using cytoscape [4] .
Analysis of the Network and Gene Ontology
We integrated the database and the literature data mining networks and then used IPCA to analyze the characteristics of our network. The IPCA algorithm can detect densely connected regions in the interactome network [5] . Interactomes with a score greater than 2.0 and at least four nodes were taken as significant predictions.
To identify the function of each cluster generated by IPCA individually, Gene ontology (GO) clustering analysis was performed with the proteins described in all subnetworks, using Biological Network Gene Ontology (BiNGO) tool [6] . The degree of functional enrichment for a given cluster was
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Prediction of the Mechanisms of Salvia Miltiorrhiza Against Atherosclerosis Using Text Mining and Network-Based Analysis quantitatively assessed (P value) by hypergeometric distribution, implemented in BiNGO tool. We selected the first GO biological categories with the smallest P values as significant.
RESULTS AND DISCUSSION

Results
Effects of Salvia miltiorrhiza (SM) on atherosclerosis
The mining results indicated atherosclerosis associated with SM highly, and the TCM and gene association information showed TNF (tumor necrosis factor), VCAM1 (vascular cell adhesion molecule 1), ICAM1 (intercellular adhesion molecule 1), NFKB1 (nuclear factor of kappa light polypeptide gene enhancer in B-cells 1), JUN (v-jun sarcoma virus 17 oncogene homolog), MAPK1 (mitogen-activated protein kinase 1) genes were significantly related to atherosclerosis (Figure 1 ).
Analysis of the biological network about therapeutic mechanisms of SM
To get insight into the underlying molecular pathways involved in these genes associated with both atherosclerosis and SM, we used official symbol of the genes to search protein interaction information from protein interaction databases and literature data. Cytoscape, a network visualization tool, converts a list of genes into a relevant network.
In order to better understand functions of the network, four significantly highly-connected regions (or clusters) (i.e., score. 2 is significant; it represents the log of the probability that the network was found by chance) were proposed by IPCA, a clustering algorithm for analysis of protein interaction network topological structure, so that infer significant complexes or pathways. These subnetworks of highly-connected regions were visualized by cytoscape (Figure 2 ). We used BiNGO tools to statistically evaluate groups of genes with respect to the present annotation categories of the Gene Ontology Consortium. The most relevant functions and pathways extracted from these subnetworks were related to I-kappaB kinase/NF-kappaB cascade, regulation of cellular process, regulation of biological process, insulin receptor signaling pathway (Table 1) . 
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Discussion
In the present study, therapeutic mechanisms of SM in atherosclerosis involve in I-kappaB kinase/NF-kappaB cascade, regulation of cellular process and regulation of biological process, which are consistent with previously published studies [7, 8] . Interestingly, insulin receptor signaling pathway was implicated by network-based analysis in our study. It was well known that insulin resistance was an important risk factor for atherosclerosis. Metabolic insulin resistance is characterized by pathway-specific impairment in phosphatidylinositol 3-kinase branch and MAP kinase branch of insulin signaling, which in endothelium may cause imbalance between production of NO and secretion of endothelin-1, leading to endothelial dysfunction [9] . Recently, several studies have shown the ingredients of SM possess insulinsensitizing activities in ovary cells and adipocytes. The total extract from SM and the tanshinone I, IIA and dihydrotanshinone I except cryptotanshinone enhanced the activity of insulin on the tyrosine phosphorylation of the insulin receptor as well as the activation of the downstream kinases Akt, ERK1/2, and GSK3beta in Chinese-hamster ovary cells and adipocytes [10] . The isotanshinone IIA, dihydroisotanshinone I, and isocryptotanshinone from SM non-competitively inhibited protein tyrosine phosphatase 1B (PTP1B), a negative regulator of insulin signaling [11] . Therefore, it was suggested that therapeutic mechanisms of SM in atherosclerosis should be involved in increasing sensitivity and/or responsiveness to metabolic actions of insulin.
CONCLUSIONS
In this study, the six genes associated with both atherosclerosis and salvia miltiorrhiza were proposed by text mining; the most relevant functions and pathways extracted from protein-protein interaction network about these genes by network-based analysis were related to I-kappaB kinase/NF-kappaB cascade, regulation of cellular process, regulation of biological process, which were consistent with previously published studies. Insulin receptor signaling pathway was also implicated in our study. In endothelium the impairment of insulin signaling may cause imbalance between production of NO and secretion of endothelin-1, leading to endothelial dysfunction. Several studies have shown the ingredients of salvia miltiorrhiza possess insulin-sensitizing activities in ovary cells and adipocytes. Therefore, it was suggested that therapeutic mechanisms of salvia miltiorrhiza in atherosclerosis should be involved in increasing sensitivity and/or responsiveness to metabolic actions of insulin.
